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ABSTRACT
The 23 restaurant-associated salmonellosis outbreaks that occurred in Minnesota from 1995 through 2003 were reviewed
to characterize the role of infected foodworkers. The median duration of the outbreaks was 21 days (range, 1 to 517 days).
The median number of culture-confirmed patron cases per outbreak was seven (range, 1 to 36 cases). The median incubation
for patron cases ranged from 9 h to 5.9 days. A specific food vehicle was implicated in four outbreaks and suspected in five.
Salmonella of the same serotype and pulsed-field gel electrophoresis subtype as that found in patrons was recovered from
foodworkers in 19 outbreaks. Overall, 12% (129 of 1,033) of foodworkers tested positive for Salmonella. Sixty-four (53%) of
121 Salmonella-positive foodworkers reported not having had a recent gastrointestinal illness. Overall, the median duration of
Salmonella shedding was 16 days. Among foodworkers who reported gastrointestinal illness, the median shedding duration
was 30 days as compared with 3 days for asymptomatic foodworkers. Positive environmental samples were recovered in 4
(33%) of 12 outbreaks. No specific food vehicle was identified in any outbreaks associated with Salmonella-positive environ-
mental samples. The median duration of outbreaks with positive environmental samples (187 days) was significantly longer
than the median duration of outbreaks with negative environmental results (26 days, P  0.03). A higher proportion of
Salmonella-positive foodworkers (22 versus 8%) was identified in outbreaks with positive environmental samples. Salmonella
outbreaks in restaurants are frequently prolonged yet produce a small number of confirmed patron cases. Prolonged outbreak
durations suggest a persistent reservoir of contamination. Infected foodworkers likely serve as an important source for Sal-
monella transmission. Therefore, assessment of foodworker infection is essential for controlling restaurant outbreaks.
Nontyphoidal salmonellae are important foodborne
pathogens that cause an estimated 1.4 million illnesses and
more than 15,000 hospitalizations in the United States each
year (41). From 1993 to 1997, Salmonella enterica was the
most common foodborne outbreak etiology reported to the
Centers for Disease Control and Prevention, accounting for
357 outbreaks; 137 (38%) of those outbreaks occurred in
commercial food establishments (restaurants, delicatessens
or cafeterias) (36).
Salmonella can be shed in the stool of infected persons
for weeks after infection. A literature review conducted 20
years ago revealed that 50% of persons with Salmonella
infections stopped shedding the organism by 5 weeks, and
90% of adults were culture negative 9 weeks after infection
(8). In a study in Sweden, the median duration of shedding
was 35 days in symptomatic infected travelers and 38 days
in asymptomatic infected travelers (24).
The infectious dose of nontyphoidal Salmonella for hu-
mans is generally described as 102 to 103 organisms (6,
34). However, doses of 10 to 20 organisms (12, 25) and
even fewer than 10 organisms (11, 13, 16, 18, 21) have
caused illness. Several outbreak investigations have provid-
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ed evidence of an inverse relationship between dose and
incubation of illness, with low doses resulting in longer
incubation periods (15, 17, 31, 32). Attack rates are also
dependent on dose, with low doses resulting in lower attack
rates (15, 21).
The number of Salmonella organisms shed in the stool
decreases over time; however, one study revealed counts
higher than 103 (range, 5  104 to 4  106) organisms per
gram of feces in 5 of 10 specimens from persons tested 20
to 25 days after illness and counts higher than 102 (range,
102 to 2  105) organisms per gram of feces in 5 of 7
specimens from persons tested 27 to 33 days after initial
diagnosis (38). In the same study, fingertip contamination
after defecation was demonstrated. Handwashing was suf-
ficient to remove the contamination from the fingertips of
eight of nine study participants. The stool of the participant
whose hands remained contaminated after handwashing had
a Salmonella count of 6  103 organisms per gram of feces
15 days after illness (38). In an earlier study in which fin-
gers were artificially inoculated with Salmonella, the path-
ogen was recovered after a 15-s handwashing bout at 10
min postinoculation (37).
The low infectious dose, prolonged shedding, and con-
tamination of fingertips support the possibility that infected
foodworkers can contaminate food and transmit Salmonel-
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la. However, the magnitude of the role of infected food-
workers in Salmonella outbreaks in commercial food estab-
lishments is uncertain. There is a prevalent paradigm that
the contribution of foodworker Salmonella infection in
transmission to patrons is negligible (8, 12); however, this
paradigm is based on a decades-old interpretation of avail-
able data. Since that time, numerous outbreak investigations
have clearly implicated foodworkers or suggested food-
worker transmission of Salmonella (7, 14, 15, 19, 23, 26,
30).
To further characterize the potential role of infected
foodworkers in transmission of Salmonella to patrons dur-
ing restaurant outbreaks, we evaluated all salmonellosis
outbreaks in restaurants in Minnesota from 1995 through
2003, including the shedding of Salmonella in the stools of
infected foodworkers associated with those outbreaks.
MATERIALS AND METHODS
Outbreak investigation records and summary reports of all
confirmed foodborne salmonellosis outbreaks in restaurants in
Minnesota from 1995 through 2003 were reviewed. An outbreak
was defined as two or more cases of salmonellosis associated with
the same Salmonella serotype and pulsed-field gel electrophoresis
(PFGE) subtype with a common exposure, regardless of whether
the cases involved patrons or foodworkers. The number of in-
fected patrons identified for each outbreak was determined. The
duration of an outbreak was defined as the number of days with
documented transmission to patrons. Incubation time was calcu-
lated as the number of hours between the reported meal date and
time and the date and time of illness onset for confirmed patron
cases and in some outbreaks suspected patron cases. If meal time
or onset time was not available, incubation time was calculated
in days.
All employees of the outbreak restaurants regardless of spe-
cific duties (foodworkers) were required to submit stool specimens
for Salmonella testing. Stool samples from foodworkers associ-
ated with 19 outbreaks were sent to the Minnesota Department of
Health Public Health Laboratory (MDH PHL) for testing, and
samples from three outbreaks were tested by the City of Minne-
apolis Public Health Laboratory as part of the investigation. Sal-
monella isolates from specimens tested at the City of Minneapolis
were sent to the MDH PHL for confirmation and serotyping. Sal-
monella isolates from outbreak cases detected through routine sur-
veillance were serotyped at the MDH PHL and subtyped by PFGE
using previously described standardized methods (5). Salmonella
isolates from some or all foodworkers in each outbreak also were
subtyped by PFGE. Environmental samples collected by public
health staff involved in the investigation were tested at the City
of Minneapolis in two outbreaks and at the MDH PHL in six
outbreaks. Environmental isolates were serotyped and subtyped
by PFGE at the MDH PHL. In four outbreaks, environmental
sampling was conducted by private commercial laboratories hired
by the implicated restaurant. Isolates from three of these outbreaks
were confirmed, serotyped, and subtyped by PFGE at the MDH
PHL. Isolates from the fourth outbreak were not forwarded to the
MDH PHL.
For most outbreak investigations, two consecutive negative
Salmonella cultures collected at least 24 h apart were required of
each foodworker; only one negative culture was required during
three outbreak investigations. All foodworkers who tested positive
for Salmonella were required to continue to submit stool samples
until two or more consecutive specimens collected at least 24 h
apart tested negative for Salmonella. Attempts were made to in-
terview all foodworkers about their history of gastrointestinal
symptoms (including specific symptoms and date of illness onset)
and job responsibilities using a standard questionnaire at the time
of the investigation. A foodworker was classified as having a his-
tory of gastrointestinal illness when any compatible symptoms
were reported within 1 month of the earliest known meal date
associated with a salmonellosis case or during the investigation,
even when symptoms were mild (e.g., any nausea, any cramps,
or any diarrhea) or could have been explained by a chronic con-
dition.
The total number of foodworkers interviewed and tested for
each outbreak was ascertained. Laboratory records of foodworkers
who tested positive for Salmonella were reviewed to document
the dates of specimen collection of the first positive, last positive,
first negative, and second negative specimens. If specimen collec-
tion date was unavailable, date of specimen receipt at the PHL
was used as a proxy for the specimen collection date. Interview
records were reviewed to ascertain whether the foodworker re-
ported a history of gastrointestinal illness symptoms and to as-
certain the date of symptom onset.
Duration of Salmonella shedding in the stool was defined as
the number of days from symptom onset until the collection date
of the last positive stool specimen. For reportedly asymptomatic
foodworkers and foodworkers who did not recall the onset date,
shedding was calculated from the collection date of the first pos-
itive specimen to the collection date of the last positive specimen.
Shedding in foodworkers who stopped submitting stool samples
before they had any negative results was calculated using the date
of the last positive sample submitted. To more directly compare
symptomatic and asymptomatic infections, shedding was also cal-
culated in symptomatic foodworkers from the collection date of
the first positive specimen after the start of the investigation to
the collection date of the last positive specimen. The Wilcoxon
two-sample test was used to compare the median durations of
Salmonella shedding in the stool of symptomatic and asymptom-
atic foodworkers and to compare the median duration of outbreaks
in restaurants with Salmonella-positive and -negative environmen-
tal sample results.
Descriptive and summary statistics were generated using
SAS 9.1 and SAS Enterprise Guide 2.0 (SAS Institute, Cary,
N.C.).
RESULTS
Outbreak and restaurant characteristics. From 1995
through 2003, 39 confirmed foodborne outbreaks of Sal-
monella infection were identified in Minnesota. Of these,
23 outbreaks occurred in restaurants (range, one to four per
year). Salmonella enterica serotypes associated with restau-
rant outbreaks included Typhimurium (seven outbreaks),
Heidelberg (five), Enteritidis (four), Braenderup (three),
Newport (three), and Montevideo (one) (Table 1). Two res-
taurants had two outbreaks each (Table 1; outbreaks 10 and
22 and outbreaks 11 and 21). A single restaurant chain ac-
counted for five outbreaks (nos. 6, 7, 8, 12, and 17) in
different locations. Eighteen of the 23 restaurants were ta-
ble service restaurants (outbreaks 1, 3, 4, 6 through 14, 16,
17, and 20 through 23), 3 were buffets (outbreaks 2, 18,
and 19), 1 was a cafeteria-style restaurant (outbreak 5), and
one was a nonchain soup, salad, and sandwich restaurant
(outbreak 15). Eleven of the 23 outbreaks occurred in res-
taurants that serve breakfast all day (outbreaks 1, 6, 7, 8,
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14 Heidelberg Meatloaf or eggs
suspected
Apr 00–Jun 00 No 37 5 0.4 1.5 4.3
15 Typhimurium Ground turkey
suspected







































































23 Enteritidis French toast or eggs Oct 03–Nov 03 None taken 21 20 3.4 19.0 7.3
a Documented length of transmission to patrons.
b Confirmed and probable case information may have been included in the calculations of incubation time.
10, 12, 14, 16, 17, 21, and 23), and 2 outbreaks occurred
at a restaurant with an extensive breakfast menu (outbreaks
11 and 21). Six outbreaks occurred in restaurants serving
ethnic foods: Chinese (outbreaks 2, 18, and 19), Italian
(outbreaks 5 and 9), and Indian (outbreak 13).
The median duration of the restaurant outbreaks was
21 days, ranging from 1 day in outbreaks where only one
patron case was identified to 517 days. Transmission to pa-
trons occurred for more than 10 days in 70% of the restau-
rant outbreaks, for more than 1 month in 35%, and for more
than 3 months in 21%. The two outbreaks with only one
patron case were investigated when surveillance revealed
culture-confirmed infections with the same serotype and
PFGE subtype of Salmonella in a patron and a foodworker.
Additional infected foodworkers were subsequently identi-
fied in the investigations of those outbreaks.
A vehicle was statistically implicated in four (17%) of
the outbreaks (Table 1). In five additional outbreaks (22%),
a vehicle was suspected but not statistically confirmed. Dur-
ing the study time period, there were 16 foodborne out-
breaks of salmonellosis in settings in Minnesota other than
a restaurant. In 14 (88%) of those outbreaks, a specific ve-
hicle was implicated. Of those 16 outbreaks, 11 occurred
at events (e.g., wedding receptions, banquets, and gradua-
tion or other parties) or in institutional settings; for these
11 outbreaks, a vehicle was identified in 10 (91%). The
remaining five outbreaks were associated with commercial
food products consumed in a variety of settings; for these
outbreaks, a vehicle was confirmed in four and was strongly
suspected in one.
Patron cases. The median number of culture-con-
firmed patron cases identified per restaurant outbreak was
7 (range, 1 to 36) (Table 1). With the exception of the two
outbreaks (nos. 9 and 11) in which a single infected patron
was identified and two other outbreaks (nos. 5 and 15),
Salmonella isolates recovered from all patrons were indis-
tinguishable by PFGE. In one outbreak (no. 5), two sub-
types (different by six bands) of Salmonella Newport were
isolated from patrons. In another outbreak (no. 15), two
subtypes of Salmonella Typhimurium that differed by nine
bands were isolated from patron cases.
The median incubation time for patrons for each out-
break ranged from 9 h to 5.9 days (excluding outbreaks 9,
11, and 13, in which incubation time was known for only
one person). The range of incubations was also recorded
for each outbreak. The shortest documented incubation was
1.5 h, and the longest was 13 days.
Foodworker illness and shedding of Salmonella in
stools. In 22 of the 23 restaurant outbreaks, foodworkers
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TABLE 2. Number of foodworkers tested and number for whom an illness history was obtained in restaurant-associated outbreaks of










































































































































































a See Table 1.
were interviewed about their history of gastrointestinal ill-
ness and submitted stool specimens for Salmonella testing
as part of the investigation. In 18 of 22 outbreaks, all food-
workers were required to submit stool samples until two
consecutive specimens collected at least 24 h apart tested
negative for Salmonella. In three outbreaks (nos. 9, 14, and
20), all foodworkers were required to submit one stool sam-
ple, but those whose samples were positive for Salmonella
were required to continue submitting specimens until two
consecutive specimens tested negative for Salmonella. In
one of those three outbreaks (no. 20), workers who reported
a history of gastrointestinal illness were also required to
submit two stool samples for testing, even if the first was
negative for Salmonella. In one outbreak (no. 1), all work-
ers were required to submit specimens until three consec-
utive specimens were negative.
Salmonella-positive foodworkers were identified in 19
(83%) of 22 outbreaks. Salmonella of the same serotype as
the patron isolates was recovered from foodworker speci-
mens in all 19 outbreaks. Of 1,033 foodworkers tested over-
all, 129 (12%) submitted at least one stool sample that was
positive for Salmonella. One hundred twenty-four of the
129 foodworkers were positive for the outbreak serotype
(Table 2). For eight foodworkers in 4 of 17 outbreaks (nos.
1, 12, 16, and 21) the first specimen was negative for Sal-
monella but the second, which was collected 1 to 7 days
later, was positive. Four foodworkers stopped submitting
stool samples before any of their specimens tested negative.
Thirty-five (7%) of 499 foodworkers tested in 14 outbreaks
reported a history of recent gastrointestinal symptoms but
two consecutive stools samples were negative for Salmo-
nella.
Salmonella of the same PFGE subtype as the patron
isolates was isolated from foodworker stool samples in all
outbreaks with Salmonella-positive foodworkers. In addi-
tion, Salmonella Newport of a subtype that differed by
more than 10 bands was recovered from one foodworker in
one outbreak (no. 5), and two different subtypes of Sal-
monella Typhimurium (the outbreak subtype and a subtype
that was nine bands different) were recovered from a stool
sample of one Salmonella-positive foodworker in another
outbreak (no. 15). Two different subtypes of Salmonella
Heidelberg (the outbreak subtype and a subtype that was
one band different) were recovered from the stool of one
foodworker in one outbreak (no. 12). Salmonella subtypes
that differed by only one band from the patron isolates were
recovered from one foodworker in two additional outbreaks
(nos. 11 and 20).
Illness history was obtained for 121 of the 129 food-
workers that tested positive for Salmonella, and 64 (53%)
of these 121 foodworkers reported not having a history of
recent gastrointestinal illness symptoms.
The proportion of Salmonella-positive foodworkers
ranged from 0 to 36% per outbreak (median, 16%). Among
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TABLE 3. Median shedding period for Salmonella serotypes in
stool samples of foodworkers in restaurant-associated salmonel-






































a Shedding period was calculated from the date of illness onset in
symptomatic foodworkers and from the collection date of the
first positive sample for asymptomatic foodworkers.
those who tested positive and for whom an illness history
was obtained, the proportion that reported no history of
recent gastrointestinal illness ranged from 0 to 100% per
outbreak (median, 44%) (Table 2).
The median duration of shedding regardless of illness
history (n  129) was 16 days (range, 1 to 280 days), and
this value varied by serotype. Among serotypes associated
with multiple cases, the median duration of shedding
ranged from 3 days for Salmonella Braenderup to 27 days
for Salmonella Montevideo (Table 3).
Among Salmonella-positive foodworkers who reported
gastrointestinal illness (n  57), the median duration of
shedding was 30 days (range, 2 to 280 days) (Fig. 1A).
Among asymptomatic foodworkers (n  64), the median
duration of shedding was 3 days (range, 3 to 97 days) (Fig.
1B). To more directly compare shedding in the two groups,
the shedding period was recalculated in symptomatic food-
workers from the collection date of the first Salmonella-
positive specimen after the start of the investigation to the
collection date of the last Salmonella-positive specimen for
both groups. The median duration of shedding from the first
positive specimen was 13 days among symptomatic food-
workers and 3 days among asymptomatic foodworkers (P
 0.004).
The date of illness onset was available for at least one
foodworker in 15 of the 19 outbreaks with positive food-
workers (Table 2). In 13 of these 15 outbreaks (nos. 1, 3,
4, 5, 8, 9, 11, 12, 15, 17, 18, 21, and 23), foodworkers
reported illness onset before at least one patron’s illness
onset. In four outbreaks (nos. 9, 11, 15, and 21), at least
one foodworker reported illness onset before the onset of
the earliest patron illness. In 8 of 15 outbreaks (nos. 2, 5,
8, 9, 12, 15, 21, and 23), at least one foodworker had illness
onset before the median patron illness onset point. In six
outbreaks (nos. 5, 9, 12, 15, 21, and 23), the median food-
worker illness onset date was before the median patron ill-
ness onset date.
Environmental sampling. Environmental sampling
was conducted in 12 outbreak restaurants, and positive en-
vironmental samples were recovered in 4 (33%) of these
restaurants. In three outbreaks, Salmonella of the outbreak
serotype and PFGE subtype was recovered from (i) a cold
holding area behind the cook’s line and a cutting board
(outbreak 6), (ii) egg grill grease traps, cake grill grease
traps, and cutting boards (outbreaks 7 and 8), (iii) grill
stands (outbreak 8), and (iv) the dishwasher area and em-
ployee break room (outbreak 7). In one outbreak, Salmo-
nella was recovered from a grill grease trap and the side
surface of a water cooler (outbreak 12), but isolates were
not serotyped or subtyped by PFGE.
A vehicle was not identified in any of the outbreaks
with Salmonella-positive environmental samples; in these
outbreaks, the median duration of transmission was 187
days, and 22% of the workers tested positive for Salmo-
nella. Conversely, a specific vehicle was implicated or sus-
pected in four (50%) of the eight outbreaks in which Sal-
monella was not recovered from the environment; in these
outbreaks, duration of transmission was shorter (median, 26
days; P  0.03), and only 8% of the workers tested positive
for Salmonella (Table 4).
Previously unrecognized outbreak. During the re-
view of surveillance cases, a previously unrecognized Sal-
monella Enteritidis outbreak associated with a single res-
taurant in 1997 was identified. The six cases were caused
by Salmonella Enteritidis with an indistinguishable PFGE
pattern. The four infected patrons and two infected food-
workers from the restaurant were interviewed as part of
routine surveillance. Their illness onset dates and patron
meal dates ranged from June through September 1997.
DISCUSSION
The results of this study indicate that salmonellosis
outbreaks in restaurants are usually not simple point source
events caused by ingestion of one particular contaminated
food item; rather, they are complex events that may last for
several weeks or months. Despite the long duration, in
many outbreaks only a small number of patron cases were
identified. Nine of the outbreaks in the study period in-
cluded 5 or fewer culture-confirmed patron cases, and fewer
than 10 cases were identified in four of the five outbreaks
with the longest duration. The identified cases likely rep-
resented only a small proportion of those who actually be-
come ill. An estimated 38.6 salmonellosis cases occur for
each culture-confirmed case (41). Therefore, even a few
confirmed cases can signal a much larger problem.
The importance of infected foodworkers as a source of
contamination in these outbreaks is supported by several
observations. First, a specific food vehicle was statistically
implicated or suspected in a low proportion of the restau-
rant outbreaks (39%), which suggests that the specific food
items or food handling errors were not the primary causes
for these outbreaks.
Second, foodworkers infected with Salmonella were
identified in the majority (83%) of the outbreak investiga-
tions. Overall, 12% of the foodworkers tested positive for
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FIGURE 1. Shedding in (A) symptomatic (n  57) and (B) asymptomatic (n  64) foodworkers tested during restaurant-associated
outbreaks of salmonellosis in Minnesota, 1995 through 2003. * When infected individual did not recall the date of onset, shedding was
calculated as the time between collection of the first Salmonella-positive stool sample and collection of the last positive specimen.
J. Food Prot., Vol. 69, No. 81876 MEDUS ET AL.
TABLE 4. Characteristics of restaurant-associated outbreaks of
salmonellosis in Minnesota, 1995 through 2003, separated by re-































a Documented period of transmission to patrons.
Salmonella. Among these employees, half reported no his-
tory of recent gastrointestinal illness. Infected foodworkers
who reported a history of illness shed Salmonella in the
stool for a median of 1 month. Even though it is impossible
to ascertain when asymptomatic persons became infected,
the duration of shedding differed significantly in symptom-
atic and asymptomatic infected workers when shedding was
compared based on the start of testing. Because these data
were collected during outbreak investigations, it is not
known how many of the Salmonella-positive foodworkers
sought antibiotic treatment as a result of testing during the
investigation. Foodworkers with a history of gastrointesti-
nal illness may have preferentially sought treatment after
finding out that they were infected with Salmonella, and
because antibiotic treatment may prolong the duration of
shedding (2, 33, 35, 42), these foodworkers shed Salmo-
nella in the stool for longer than did their asymptomatic
peers. Alternatively, some of the foodworkers that tested
negative after antibiotic treatment that was not disclosed to
the outbreak investigators may have continued to shed the
pathogen because their infection was not truly eradicated
and their negative status was only temporary (10).
Third, illness incubation in many patrons was longer
than the 12 h to 3 days (3, 4) believed to be characteristic
of Salmonella infections. In 43% of the outbreaks, the me-
dian incubation period was longer than 3 days. The long
incubation periods and relatively small number of cases
identified in these outbreaks suggest that the infectious dose
was low, as would be expected if infected foodworkers
were an important source of contamination in restaurants.
A restaurant-associated outbreak of Salmonella Typhimu-
rium infection in Denmark in 2003 that was traced to an
asymptomatic infected foodworker had the same pattern of
long incubation period and low infection rate (15). Long
incubation and low infection rates were also attributed to
low levels of contamination of dessert buns in an outbreak
of Salmonella Enteritidis infection among school children
in Japan in 2001 (31).
Although handwashing should be sufficient to remove
Salmonella contamination from fingers, most people, even
those in professions where hand hygiene is critical, do not
adequately wash their hands (1, 9, 40). Thus, infected food-
workers likely act as a reservoir of Salmonella and contam-
inate foods at high enough levels to transmit illness to some
patrons.
The prolonged outbreak durations documented in this
study indicate either continual reintroduction of contami-
nated food or a persistent reservoir of contamination. Both
the persistence of the outbreak strains identified by PFGE
and the difficulty in implicating a specific vehicle strongly
suggest that a reservoir of contamination within the restau-
rant is more likely than reintroduction of a single contam-
inated food over time. Infected foodworkers, environmental
contamination, or both could serve as sources of contami-
nation of different foods with a low inoculum of Salmonella
over a period of weeks to months. In these investigations,
Salmonella was recovered from food contact areas such as
cutting boards and grill grease traps and from areas that did
not come into direct contact with foods, such as an em-
ployee break room and a water cooler. These findings sug-
gest that foodworkers’ hands can contaminate surfaces. In
contrast with the high proportion of outbreaks in which
infected foodworkers were identified, in only 33% of the
outbreaks evaluated for environmental contamination was
Salmonella recovered from the environment.
Eating outside the home has consistently been a risk
factor for sporadic Salmonella infections. A case-control
study of salmonellosis conducted in 1996 and 1997 re-
vealed that eating eggs outside the home was a risk factor
for Salmonella Heidelberg infections (20) and that eating
runny eggs outside the home and eating chicken outside the
home were risk factors for Salmonella Enteritidis infections
(27). More than half of the outbreaks in the present study
occurred in restaurants that serve breakfast all day or have
extensive breakfast menus and therefore use a large number
of eggs. Therefore, eggs were considered the likely vehicle
through which Salmonella entered the restaurant in many
of our outbreaks, with subsequent transmission to patrons
facilitated by infected foodworkers and environmental con-
tamination. Outbreaks with low infection rates and long du-
ration may represent the midpoint in a continuum ranging
from transmission to a single patron resulting in a sporadic
case of illness to the easily identified outbreak with a large
number of cases in a short period of time (22, 28, 29, 39).
Without use of real-time PFGE subtyping in conjunction
with routine interviewing of all affected individuals, many
of these outbreaks would have escaped detection. Our iden-
tification of a previously undetected outbreak during the
review of records for this study illustrates that outbreaks
with few cases over a prolonged period of time are easy to
miss, even when real-time PFGE is used in conjunction
with interviews.
Outbreaks of Salmonella infection in restaurants are
complex events involving multiple factors that can be eval-
uated using a systems-based approach to correlate outbreak
presentations with food safety system failures: (i) con-
sumption of undercooked foods of animal origin (FAO) can
be a direct source of illness for patrons; (ii) uncooked FAO
can be a source for cross-contamination of ready-to-eat
(RTE) foods; (iii) FAO can contaminate the environment,
leading to sporadic or persistent contamination of RTE
foods over time; (iv) foodworkers can become infected
through contact with FAO or with environments contami-
nated by FAO or by consumption of contaminated foods;
(v) infected foodworkers can contaminate the environment,
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FIGURE 2. Outbreaks of salmonellosis in restaurants are complex
events with multiple pathways leading to transmission to patrons.
which in turn can result in contamination of RTE foods;
and (vi) RTE foods can become contaminated when pre-
pared by infected foodworkers (Fig. 2). The complexity of
these potential food safety system failures makes it difficult
to ascertain the original source of the organism (food versus
foodworker).
Regardless of the initial source of the outbreak, our
results demonstrate that foodworkers frequently serve as
reservoirs for Salmonella and contribute to transmission to
patrons. Thus, assessment of foodworker infection by ob-
taining an illness history and testing stool samples and ex-
clusion of infected foodworkers from the food establish-
ment are essential for controlling restaurant-associated out-
breaks of salmonellosis.
ACKNOWLEDGMENTS
We thank all members of the Infectious Disease Epidemiology, Pre-
vention, and Control Division, Public Health Laboratory and Division of
Environmental Health, Minnesota Department of Health, and the epide-
miologists, environmental health specialists, and public health staff at the
county and city levels who contributed to the outbreak investigations and
the preparation of this manuscript. This investigation was supported in
part with funds from a cooperative agreement (U50/CCU511190) with the
Centers for Disease Control and Prevention as part of the Emerging In-
fections Program, Foodborne Disease Active Surveillance Network.
REFERENCES
1. Allwood, P. B., T. Jenkins, C. Paulus, L. Johnson, and C. W. Hed-
berg. 2004. Hand washing compliance among retail food establish-
ment workers in Minnesota. J. Food Prot. 67:2825–2828.
2. American Academy of Pediatrics. 2003. Salmonella infections, p.
541–547. In L. K. Pickering (ed.), Red book: 2003 report of the
Committee on Infectious Diseases, 26th ed. American Academy of
Pediatrics, Elk Grove Village, Ill.
3. American Medical Association, American Nurses Association–
American Nurses Foundation, Centers for Disease Control and Pre-
vention, Center for Food Safety and Applied Nutrition, U.S. Food
and Drug Administration, Food Safety and Inspection Service, and
U.S. Department of Agriculture. 2004. Diagnosis and management
of foodborne illnesses: a primer for physicians and other health care
professionals. American Medical Association, Chicago, Ill.
4. American Public Health Association. 2004. Salmonellosis, p. 469–
473. In D. L. Heymann (ed.), Control of communicable diseases
manual; an official report of the American Public Health Association,
18th ed. American Public Health Association, Washington, D.C.
5. Bender, J. B., C. W. Hedberg, D. J. Boxrud, J. M. Besser, J. H.
Wicklund, K. E. Smith, and M. T. Osterholm. 2001. Use of molecular
subtyping in surveillance for Salmonella enterica serotype Typhi-
murium. N. Engl. J. Med. 344:189–195.
6. Blaser, M. J., and L. S. Newman. 1982. A review of human sal-
monellosis: I. Infective dose. Rev. Infect. Dis. 4:1096–1106.
7. Blaser, M. J., E. M. Rafuse, J. G. Wells, R. A. Pollard, and R. A.
Feldman. 1981. An outbreak of salmonellosis involving multiple ve-
hicles. Am. J. Epidemiol. 114:663–670.
8. Buchwald, D. S., and M. J. Blaser. 1984. A review of human sal-
monellosis: II. Duration of excretion following infection with non-
typhi Salmonella. Rev. Infect. Dis. 6:345–356.
9. Centers for Disease Control and Prevention. 2002. Guideline for
hand hygiene in health-care settings: recommendations of the
Healthcare Infection Control Practices Advisory Committee and the
HICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force. Morb. Mor-
tal. Wkly. Rep. 51:1–44.
10. Cox, R. A., and C. Conquest. 1992. Failure of ciprofloxacin to erad-
icate carriage of Salmonella. J. Hosp. Infect. 21:151–152.
11. Craven, P. C., D. C. Mackel, W. B. Baine, W. H. Barker, and E. J.
Gangarosa. 1975. International outbreak of Salmonella Eastbourne
infection traced to contaminated chocolate. Lancet 1:788–792.
12. Cruickshank, J. G., and T. J. Humphrey. 1987. The carrier food-
handler and non-typhoid salmonellosis. Epidemiol. Infect. 98:223–
230.
13. D’Aoust, J. Y., B. J. Aris, P. Thisdele, A. Durante, N. Brisson, D.
Dragon, G. Lachapelle, M. Johnston, and R. Laidley. 1975. Salmo-
nella eastbourne outbreak associated with chocolate. J. Inst. Can.
Sci. Technol. Aliment. 8:181–184.
14. Dryden, M. S., N. Keyworth, R. Gabb, and K. Stein. 1994. Asymp-
tomatic foodhandlers as the source of nosocomial salmonellosis. J.
Hosp. Infect. 28:195–208.
15. Ethelberg, S., M. Lisby, M. Torpdahl, G. Sorensen, J. Neimann, P.
Rasmussen, S. Bang, U. Stamer, H. B. Hansson, K. Nygard, D. L.
Baggesen, E. M. Nielsen, K. Molbak, and M. Helms. 2004. Pro-
longed restaurant-associated outbreak of multidrug-resistant Salmo-
nella Typhimurium among patients from several European countries.
Clin. Microbiol. Infect. 10:904–910.
16. Fontaine, R. E., M. L. Cohen, W. T. Martin, and T. M. Vernon. 1980.
Epidemic salmonellosis from cheddar cheese: surveillance and pre-
vention. Am. J. Epidemiol. 111:247–253.
17. Glynn, J. R., and S. R. Palmer. 1992. Incubation period, severity of
disease, and infecting dose: evidence from a Salmonella outbreak.
Am. J. Epidemiol. 136:1369–1377.
18. Greenwood, M. H., and W. L. Hooper. 1983. Chocolate bars contam-
inated with Salmonella Napoli: an infectivity study. Br. Med. J.
(Clin. Res.) 286:1394.
19. Hedberg, C. W., K. E. White, J. A. Johnson, L. M. Edmonson, J. T.
Soler, J. A. Korlath, L. S. Theurer, K. L. MacDonald, and M. T.
Osterholm. 1991. An outbreak of Salmonella Enteritidis infection at
a fast-food restaurant: implications for foodhandler-associated trans-
mission. J. Infect. Dis. 164:1135–1140.
20. Hennessy, T. W., L. H. Cheng, H. Kassenborg, S. D. Ahuja, J.
Mohle-Boetani, R. Marcus, B. Shiferaw, and F. Angulo. 2004. Egg
consumption is the principal risk factor for sporadic Salmonella se-
rotype Heidelberg infections: a case-control study in FoodNet sites.
Clin. Infect. Dis. 38(Suppl. 3):S237–S243.
21. Hennessy, T. W., C. W. Hedberg, L. Slutsker, K. E. White, J. M.
Besser-Wiek, M. E. Moen, J. Feldman, W. W. Coleman, L. M. Ed-
monson, K. L. MacDonald, and M. T. Osterholm. 1996. A national
outbreak of Salmonella Enteritidis infections from ice cream. The
Investigation Team. N. Engl. J. Med. 334:1281–1286.
22. Honish, L. 2000. Restaurant-associated outbreak of Salmonella Ty-
phimurium phage type 1 gastroenteritis—Edmonton, 1999. Can.
Commun. Dis. Rep. 26:25–28.
23. Hundy, R. L., and S. Cameron. 2002. An outbreak of infections with
a new Salmonella phage type linked to a symptomatic food handler.
Commun. Dis. Intell. 26:562–567.
24. Jertborn, M., P. Haglind, S. Iwarson, and A. M. Svennerholm. 1990.
Estimation of symptomatic and asymptomatic Salmonella infections.
Scand. J. Infect. Dis. 22:451–455.
25. Kapperud, G., S. Gustavsen, I. Hellesnes, A. H. Hansen, J. Lassen,
J. Hirn, M. Jahkola, M. A. Montenegro, and R. Helmuth. 1990. Out-
break of Salmonella Typhimurium infection traced to contaminated
chocolate and caused by a strain lacking the 60-megadalton virulence
plasmid. J. Clin. Microbiol. 28:2597–2601.
J. Food Prot., Vol. 69, No. 81878 MEDUS ET AL.
26. Khuri-Bulos, N. A., M. Abu Khalaf, A. Shehabi, and K. Shami.
1994. Foodhandler-associated Salmonella outbreak in a university
hospital despite routine surveillance cultures of kitchen employees.
Infect. Control Hosp. Epidemiol. 15:311–314.
27. Kimura, A. C., V. Reddy, R. Marcus, P. R. Cieslak, J. C. Mohle-
Boetani, H. D. Kassenborg, S. D. Segler, F. P. Hardnett, T. Barrett,
and D. L. Swerdlow. 2004. Chicken consumption is a newly iden-
tified risk factor for sporadic Salmonella enterica serotype Enteritidis
infections in the United States: a case-control study in FoodNet sites.
Clin. Infect. Dis. 38(Suppl. 3):S244–S252.
28. Levy, B. S., W. McIntire, L. Damsky, R. Lashbrook, J. Hawk, G. S.
Jacobsen, and B. Newton. 1975. The Middleton outbreak: 125 cases
of foodborne salmonellosis resulting from cross-contaminated food
items served at a picnic and a smorgasbord. Am. J. Epidemiol. 101:
502–511.
29. Luby, S. P., J. L. Jones, and J. M. Horan. 1993. A large salmonellosis
outbreak associated with a frequently penalized restaurant. Epide-
miol. Infect. 110:31–39.
30. Maguire, H., P. Pharoah, B. Walsh, C. Davison, D. Barrie, E. J.
Threlfall, and S. Chambers. 2000. Hospital outbreak of Salmonella
Virchow possibly associated with a food handler. J. Hosp. Infect. 44:
261–266.
31. Matsui, T., S. Suzuki, H. Takahashi, T. Ohyama, J. Kobayashi, H.
Izumiya, H. Watanabe, F. Kasuga, H. Kijima, K. Shibata, and N.
Okabe. 2004. Salmonella Enteritidis outbreak associated with a
school-lunch dessert: cross-contamination and a long incubation pe-
riod, Japan, 2001. Epidemiol. Infect. 132:873–879.
32. Mintz, E. D., M. L. Cartter, J. L. Hadler, J. T. Wassell, J. A. Zingeser,
and R. V. Tauxe. 1994. Dose-response effects in an outbreak of Sal-
monella Enteritidis. Epidemiol. Infect. 112:13–23.
33. Murase, T., M. Yamada, T. Muto, A. Matsushima, and S. Yamai.
2000. Fecal excretion of Salmonella enterica serovar Typhimurium
following a food-borne outbreak. J. Clin. Microbiol. 38:3495–3497.
34. Musher, D. M., and B. L. Musher. 2004. Contagious acute gastro-
intestinal infections. N. Engl. J. Med. 351:2417–2427.
35. Neill, M. A., S. M. Opal, J. Heelan, R. Giusti, J. E. Cassidy, R.
White, and K. H. Mayer. 1991. Failure of ciprofloxacin to eradicate
convalescent fecal excretion after acute salmonellosis: experience
during an outbreak in health care workers. Ann. Intern. Med. 114:
195–199.
36. Olsen, S. J., L. C. MacKinnon, J. S. Goulding, N. H. Bean, and L.
Slutsker. 2000. Surveillance for foodborne-disease outbreaks—Unit-
ed States, 1993–1997. Morb. Mortal. Wkly. Rep. Surveill. Summ. 49:
1–62.
37. Pether, J. V., and R. J. Gilbert. 1971. The survival of salmonellas on
finger-tips and transfer of the organisms to foods. J. Hyg. (Lond.)
69:673–681.
38. Pether, J. V. S., and R. J. D. Scott. 1982. Salmonella carriers; are
they dangerous? A study to identify finger contamination with sal-
monellae by convalescent carriers. J. Infect. 5:81–88.
39. Shapiro, R., M. L. Ackers, S. Lance, M. Rabbani, L. Schaefer, J.
Daugherty, C. Thelen, and D. Swerdlow. 1999. Salmonella Thomp-
son associated with improper handling of roast beef at a restaurant
in Sioux Falls, South Dakota. J. Food Prot. 62:118–122.
40. U.S. Food and Drug Administration, National Retail Food Team.
2004. FDA report on the occurrence of foodborne illness risk factors
in selected institutional food service, restaurant, and retail food store
facility types. U.S. Food and Drug Administration, Washington, D.C.
41. Voetsch, A. C., T. J. Van Gilder, F. J. Angulo, M. M. Farley, S.
Shallow, R. Marcus, P. R. Cieslak, V. C. Deneen, and R. V. Tauxe.
2004. FoodNet estimate of the burden of illness caused by nonty-
phoidal Salmonella infections in the United States. Clin. Infect. Dis.
38(Suppl. 3):S127–S134.
42. Wistrom, J., M. Jertborn, E. Ekwall, K. Norlin, B. Soderquist, A.
Stromberg, R. Lundholm, H. Hogevik, L. Lagergren, G. Englund, S.
Norrby, and the Swedish Study Group. 1992. Empiric treatment of
acute diarrheal disease with norfloxacin. A randomized, placebo-
controlled study. Ann. Intern. Med. 117:202–208.
